シンニュウ カテイ ニ アラワレル シンコウハカイ ニツイテ ダイ5カイ セイブツ スウガク ノ リロン ト ソノ オウヨウ by 細野, 雄三 et al.
Title侵入過程に現れる進行波解について (第5回生物数学の理論とその応用)
Author(s)細野, 雄三; 李, 聖林; 村田, 宙俊








Faculty of Sciences, Kyoto Sangyo University
(Seirin Lee)
Graduate School of Environmental Science, Okayama University
(Hirotoshi Murata)
Graduate School of Sciences, Kyoto Sangyo University
1
C.S. Elton
[4] R. Hengeveld [5], N. Shigesada and K. Kawasaki [9]
Lotka-Volterra
2
$\{\begin{array}{l}u_{t}=diu_{xx}+rf(u, v)v_{t}=d_{2}v_{xx}+g(u, v)\end{array}$ (1)
Lotka-Volterra
$\{\begin{array}{l}f(u, v)=(1-u-v)ug(u, v)=(-1-\alpha v+\beta u)v\end{array}$
$d_{1}\geq 0,$ $d_{2}>0,$ $r>0,$ $\alpha\geq 0,$ $\beta>1$
(1) $P_{0}=(O, 0),$ $P_{1}=(1,0),$ $P_{2}=( \frac{\alpha+1}{\alpha+\beta}, \frac{\beta-1}{\alpha+\beta})$ 3
$P_{0},$ $P_{1}$ ( ) ( )
$P_{1}$ $P_{2}$
$(u(x, t), v(x, t))=(U(z), V(z))$ $(z=x-ct)$
(1) $zarrow+\infty$ $P_{1\text{ }}zarrow-\infty$ $P_{2}$
$\{\begin{array}{l}d_{1}U’’+cU’+rf(U, V)=0,d_{2}V’’+cV’+g(U, V)=0,\end{array}$ (2)
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$\equiv(U(-\infty), V(-\infty))=(u^{*}, v^{*})$ , $P_{1}\equiv(U(+\infty), V(+\infty))=(1,0)$ . (3)
$(U(z), V(z))$ (1) . $(u^{*}, v^{*})=( \frac{\alpha+1}{\alpha+\beta}, \frac{\beta-1}{\alpha+\beta})$
’ $\frac{d}{dz}$
S. R.
Dunbar [1] $d_{1}=0,$ $d_{2}=1,$ $\alpha=0$ $c\geq c^{*}\equiv 2\sqrt{\beta-1}$ $c$ (1)
$c<c^{*}$ $c$ (1)
S. R. Dunbar [2] $0<d_{1}\leq 1,$ $d_{2}=1,$ $\alpha=0$ $c>c^{*}$
$c<c^{*}$ $\alpha=0$
$0\leq d_{1}\leq 1$ $c^{*}$
, $d_{1}>1$
$d_{1}=1,$ $d_{2}=d<1$
, S. R. Dunbar [1] ([7]
)
$c<c^{*}\equiv 2\sqrt{d(\beta-1)}$




$\{(U, U’, V, V’)|V=0\}$ $P_{-}=(u^{*}, 0, v^{*}, 0)$ $P+$
$\mu\pm$ 2 $c<c^{*}$ $\mu\pm$
$V$ $V=0$ ,






$r=1,$ $\beta=2.5$ (0.4, 0.6)
$c^{*}=2\sqrt{d(\beta-1)}=\sqrt{6d}\approx 2.4494\sqrt{d}$
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$d=0.O1$ , $t=100$ $d=0.OOO1$ , $t=1000$
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$d=10^{-6}$ , $t=2000$ $d=10^{-8}$ , $t=20000$
$t$ $(u(x, t), v(x, t))(x\in \mathbb{R})$ ( : $u$ , : $v$ )
,
2 $darrow 0$ (5)
2 4 $\alpha\neq 0$
32 $c$ $r$
$r$ (2) $\epsilon=1/r$
$\{\begin{array}{l}\epsilon U’’+c\epsilon U’+f(U, V)=0,dV’’+cV’+g(U, V)=0,\end{array}$ (6)
$\epsilon=0$ 1 $(1-U-V)U=0$ $U=1-V$
2
$dV”+cV’+G(V)=0$, (7)
$V(-\infty)=v^{*}$ , $V(+\infty)=0$ (8)
$G(V)=g(1-V, V)=(\beta-1-\beta V)V$ (6)(8) $V_{0}(z)$
$U_{0}(z)=1-V_{0}(z)$ $U_{0}=(U_{0}(z), V_{0}(z))$ (4) (6)
( $\epsilon$ $0$ ) (7) Fisher
$c\geq$
.
1 $d>0$ ($d\geq 1$ ) $\epsilon_{0}$ $0<\epsilon<\epsilon_{0}$









$\alpha=0$ (1) $tarrow\infty$ $darrow 0$
$d$ $tarrow\infty$ (1)
$\alpha\neq 0$ $\frac{\beta-1}{\alpha}\geq 1$ $d\geq 0$
$\Sigma=\{(u, v)|0\leq u\leq 1,0\leq v\leq\frac{\beta-1}{\alpha}\}$ $\Sigma$ (1)




$c$ $O(\epsilon)$ $c=\epsilon\sigma$ (2)
$\{\begin{array}{l}U’’+\epsilon\sigma U’+rf(U, V)=0,\epsilon^{2}V’’+\epsilon\sigma V’+g(U, V)=0,\end{array}$ (9)
$\epsilon=0$ 2 2 $V=0$ $-1-\alpha V+\beta U=0$
$V=h_{\omega}(U):= \frac{1}{\alpha}(\beta-1)(u^{*}\leq U<\omega):=0(\omega<U<\leq 1)$ 1
$U”+rF_{\omega}(U)=0$ , $U(-\infty)=u^{*}$ , $U(+\infty)=1$ , $U(0)=\omega$ (10)
$F_{\omega}(U)=f(U, h_{\omega}(U))$
1 $J( \omega)=\int_{u^{s}}^{1}F_{\omega}(s)ds=\int_{u^{*}}^{(v}\frac{1}{\alpha}\{(\alpha+1)-(\alpha+\beta)s\}sds+\int_{\omega}^{1}(1-s)sds$
$J(\omega)=0$ $(u^{*}, 1)$ $\omega^{*}$ $\omega=\omega^{*}$ a
(10) $C^{1}(\mathbb{R})$
$\zeta=z/\epsilon$ (9) $\epsilon=0$
$\ddot{V}+\sigma\dot{V}+g(\omega^{*}, V)=0$ , $V(-\infty)=1-\omega^{*}$ , $V(+\infty)=0$ , (11)
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$\zeta$ $g(\omega^{*}, V)=(\beta\omega^{*}-1-\alpha V)V$
2 $\sigma\geq\sigma_{0^{*}}=2\sqrt{\beta\omega^{*}-1}$ (11) ( ) –
$1$ $2$ [6]










$t=500$ $(u(x, t), v(x, t))(x\in \mathbb{R})$ ( : $u$ , : $v$ )
$\alphaarrow 0$ $(u^{*}, v^{*})$
$1+\beta U-\alpha V=0$ $k=\xi\alphaarrow\infty(\alphaarrow 0)$
3 $J( \omega)=\int_{u^{*}}^{1}F_{\omega}(s)ds=(k+1)\int_{u}^{\omega}(u^{*}-s)sds+\int_{td}^{1}(1-s)sds=0$ $\omega^{*}(k)$
$\lim_{karrow\infty}\omega^{*}(k)=u^{*}$ , $\lim_{karrow\infty}k(\beta\omega^{*}(k)-1)=\infty$
1 (1) 3 $\alphaarrow 0$ (1)
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$U(z;\alpha)=(U(z;\alpha),$ $V(z;\alpha))$
$\lim_{\alphaarrow 0}(\lim_{\epsilonarrow 0}(\sup_{z\in \mathbb{R}}V(z;\alpha)))=\infty$
$U(z;\alpha)$ $\alpha=0$ (1) $(U(z),$ $V(z))$
4 $d>0$ $\delta>0$
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